Injection drug users constitute the largest group of persons infected with the hepatitis C virus (HCV) in the United States, and most new infections occur in drug users. Controlling hepatitis C in the U.S. population, therefore, will require developing, testing, and implementing effective prevention and treatment strategies for persons who inject drugs. Fortunately, a substantial body of research and clinical experience exists on the prevention and management of chronic viral diseases among injection drug users. The need to implement interventions to stop the spread of HCV among drug users is critical. The capacity of substance-use treatment programs need to be expanded to accommodate all who want and need treatment. Physicians and pharmacists should be educated in how to provide access to sterile syringes and to teach safe injection techniques, both of which are lifesaving interventions. The treatment of hepatitis C in drug users requires an interdisciplinary approach that brings together expertise in treating hepatitis and caring for drug users. Treatment decisions should be made individually by patients with their physicians, based on a balanced assessment of risks and benefits and the patient's personal values. Physicians should carefully assess, monitor, and support adherence and mental health in all patients, regardless of whether drug use is known or suspected. Research is needed to better understand how best to prevent and treat hepatitis C in substance users. In the meantime, substantial progress can be made if existing knowledge and resources are brought to bear.
Injection drug users constitute the largest group of persons infected with the hepatitis C virus (HCV) in the United States, and most new infections occur in drug users. The prevalence of antibodies to HCV in most studies of injection drug users is 80% to 90%, 1-3 and incidence rates generally range from 10% to 20% per year. 3-7 Controlling hepatitis C in the U.S. population, therefore, will require developing, testing, and implementing effective prevention and treatment strategies for persons who inject drugs. 8 Fortunately, a substantial body of research and clinical experience exists in the prevention and management of chronic viral diseases among drug users. This report discusses the prevention and treatment of hepatitis C in injection drug users, with attention to the specific questions posed to the Consensus Panel.
Treatment of Hepatitis C in Drug Users
Decisions about the treatment of hepatitis C in patients who use illicit drugs, as in other patients, should be made by the patients together with their physicians based on individualized riskbenefit assessments. 9 Risk-benefit considerations for drug users include those that apply to all patients with hepatitis C, including the limited likelihood of achieving a sustained virological response, particularly in patients with genotype 1 infection, African-American ethnicity, or both; the substantial side effects; and, if the disease is not advanced, the option of delaying therapy while better regimens are developed. Moreover, although the likelihood of achieving a sustained virological response has been well studied in various patient groups, little is known about the likelihood that patients will develop clinical endpoints-cirrhosis, liver cancer, endstage liver disease, or death-and even less is known about how much or even whether treatment will reduce those risks. Before embarking on therapy, therefore, patients should understand that although one can estimate the likelihood that treatment will clear HCV infection (or achieve a histological benefit), it is not known whether treatment will reduce their chances of becoming sick or dying from hepatitis C. Patients should have access to treatment, but they should make their own decisions, with the aid of a balanced portrayal of the known risks and benefits. For patients with advanced hepatic fibrosis, in whom clinical progression is more imminent, treatment may be more compelling, although data are still needed on the effects of treatment on clinical endpoints such as decompensated cirrhosis and mortality in such patients. Liver biopsy examination can assist in making treatment decisions by identifying patients with advanced fibrosis, in addition to providing information to all patients about their disease status and prognosis.
For patients in stable, long-term recovery, including those receiving methadone maintenance therapy, there is no reason to withhold hepatitis C treatment because of a past history of illicit drug use. For active drug users, adherence, psychologic side effects, and the possibility of reinfection may present challenges to effective treatment. Each of these issues requires attention, but none warrants categorically excluding all active or recent drug users from therapy. 9 Rather, these issues should be considered in each individual patient on a case-bycase basis. Patients who believe they can adhere to therapy can be allowed to try. Much less is lost by treating a patient who does not adhere to therapy than by letting a patient progress to cirrhosis or death without a trial of treatment because of a prior assumption that the patient would not adhere to the regimen.
Adherence. There is abundant evidence from diseases other than hepatitis C that drug users can adhere to medical treatments. 10-28 When compared with nonusers in conventional clinical settings, drug users often, although not always, have lower levels of adherence (Table 1) . But rates of adherence among drug users range from 30% to nearly 100%, a range that is similar to that in patients being treated for hypertension, diabetes, or asthma. 29-31 Moreover, when programs are designed specifically for drug users by groups with experience working with substance abuse, adherence rates often exceed 80%. [23] [24] [25] [26] [27] [28] In addition, numerous studies have shown that most physicians are not able to predict patient adherence accurately. 32-38 Thus, although there are many effective strategies for improving patient adherence, attempting to screen out patients who are predicted to have poor adherence is not effective. The extensive and rapidly growing literature on adherence has been summarized in the latest revision of the treatment guidelines for human immunodeficiency virus (HIV) infection. 39 These guidelines recommend that readiness for treatment be assessed before therapy in all patients and that no patient be excluded automatically from treatment.
Tolerance and Effectiveness. Few data are available on results of hepatitis C treatment in active injection drug users who are not receiving treatment for drug use. Several recent studies, however, have shown the safety and effectiveness of hepatitis C treatment in patients receiving drug use treatment, even when they were not completely abstinent from illicit drug use. [40] [41] [42] [43] In a study of 50 heroin injectors entering opiate detoxification in Munich, Germany, 34 patients were treated with interferon alfa monotherapy and 16 were treated with combination therapy of interferon and ribavirin for 24 to 48 weeks, depending on HCV genotype. 40 The overall sustained virological response rate was 36% (Fig. 1) , a rate comparable to that in other populations treated for hepatitis C, even though 80% of patients relapsed to drug use during the study. This response rate exceeded the 10% to 20% response rate for interferon alfa monotherapy that was recommended in the 1997 Consensus Development Conference 44 and was similar to rates of response achieved with combination therapy in nonuser populations. In this study, all patients were managed by physicians who specialized in hepatology and in addiction medicine. Patients who relapsed to drug use were offered methadone maintenance therapy but were allowed to continue treatment for HCV even if they continued to inject illicit drugs. Sizeable proportions of patients had a sustained virological response, regardless of whether they relapsed to drug use or received methadone maintenance therapy (Fig. 1) ; indeed, sustained response rates were not significantly associated with either relapse to drug use or receipt of methadone maintenance therapy. The strongest predictor of virological response was adherence to their weekly clinic appointments. Of those who kept at least two thirds of appointments, 45% had a sustained virological response, compared with only 8% of those who did not. This study showed that drug users receiving treatment for substance use can be treated successfully for hepatitis C, despite ongoing drug use. The study also showed the importance of combining expertise in hepatology and substance use and maintaining strong relationships with patients that can continue even when patients relapse to drug use.
Another ongoing study from Oakland, CA, reported a sustained virological response rate of 29% among 66 methadone maintenance patients treated with combination therapy of interferon alfa and ribavirin. 41 This response rate was achieved despite the patients' relatively older age, longer duration of infection, more advanced liver disease, and predominance of genotype 1-all factors associated with reduced response rates. Treated patients were highly selected on the basis of demonstrated motivation to receive treatment for hepatitis C and attendance at weekly pretreatment educational sessions. Nevertheless, patients had substantial levels of psychiatric comorbidity and substance use: nearly two thirds of patients had a prior psychiatric diagnosis, mostly depression; more than 80% had received antidepressants by the time they competed treatment; 20% continued to drink alcohol during treatment, mostly in moderate quantities; and a third used illicit drugs during treatment. The patients discussed their medication experiences in weekly group support sessions. Careful attention was paid to managing side effects, and no serious psychologic side effects occurred. More than a third of patients required an increase in methadone dose. Response rates were not significantly associated with level of abstinence from illicit drugs before treatment, use of alcohol or illicit drugs (other than marijuana) during treatment, or pre-existing psychiatric diagnosis. Interestingly, patients who smoked marijuana were significantly more likely to respond to antiviral therapy than nonusers. This study showed that drug users receiving treatment for substance use can be treated successfully for hepatitis C despite ongoing drug use, moderate alcohol consumption, and significant psychiatric comorbidity. 42 The study also showed the importance of distinguishing among different types of illicit drug use. Finally, it showed that with careful attention to managing side effects (including mental health assessment and monitoring, treatment of preexisting or medication-related depression, and adjustment of methadone doses), that the psychologic side effects of interferon in drug users need not be excessive.
Reinfection.
There have been few studies on the risk for reinfection in drug users treated successfully for hepatitis C. However, what data exist suggest that reinfection is rare in drug users who clear HCV with therapy even if they continue to inject drugs, as long as steps are taken to minimize the risk. Substance abuse is a chronic, relapsing condition. Acknowledging this fact, the investigators in the Munich study instructed all patients in safe injection practice so that they could avoid acquiring and transmitting blood-borne diseases in the event that they relapsed to drug use. 40 Of the patients in the study who achieved an end-of-treatment response, 12 injected drugs during the 24 weeks after treatment, but only 2 redeveloped HCV RNA during the follow-up period. This viral relapse rate was no higher than would be expected in patients not using drugs. Both patients who became HCV-RNA positive had HCV genotype 3a, which was the same genotype they had before treatment. Another study from Scandinavia reported 5-year follow-up evaluations of 27 injection drug users who had cleared HCV RNA with interferon therapy. Nine patients (33%) relapsed to drug use, but only 1 became reinfected, despite a total of 40 person-years of observation. 43 These data suggest that if steps are taken to help patients avoid high-risk injection practices, reinfection after successful therapy may be the exception rather than the rule.
In summary, few studies have reported results of treatment of chronic hepatitis C in active drug users, and more data are needed to determine optimal treatment strategies. The evidence to date does not bear out the concept that illicit drug use renders treatment futile. Although adherence, psychologic side effects, and the possibility of reinfection may limit the effectiveness of hepatitis C treatment in some drug users, treatment is successful in others despite ongoing drug use, moderate alcohol consumption, and significant psychiatric comorbidity. Treatment decisions should, therefore, be made by patients and their physicians on an individual basis.
Monitoring and Treating Injection Drug Users With Hepatitis C
Caring for drug users presents special challenges to the health care team requiring patience, experience, and tolerance. Fortunately, a substantial body of research and clinical experience exists on the prevention and management of chronic viral infections among injection drug users, especially HIV infection, and effective principles have been developed for engaging drug users in health care relationships (Table 2) . [45] [46] [47] [48] Learning from this experience will be critical for efforts to control hepatitis C. Successful programs depend on a respectful approach to substance users, an understanding of the medical and behavioral sequelae of addiction, and an avoidance of moralistic judgments.
Harm reduction is the effort to help patients reduce high-risk behaviors without imposing unrealistic demands for global change. 49-51 If patients are unlikely to discontinue injection drug use, interventions with limited but practical objectives can and should be taken to help reduce the harmful consequences of continued drug use. Harm reduction is an approach that recognizes that people must set their own agenda for change; that emphasizes the benefits of incremental changes; that recognizes that drug users are motivated to improve their health and well being; and that emphasizes the importance of removing barriers to healthier behaviors and helping people find ways to be healthier that will work for them. 52,53
Medical care for drug users with hepatitis C should begin with strong linkages with prevention services, including community-based hepatitis C testing and counseling programs, so that drug users with hepatitis C can be identified and their entry into care facilitated. Success treating hepatitis C in injection drug users will require collaboration between experts in hepatitis and experts in substance use to create programs specifically designed for drug users. Collaboration between experts in HIV and experts in substance use has been stimulated by federal funding programs such as the Ryan White Care Act. Similar programs are needed for hepatitis C. Expertise working with drug users is available from a variety of sources, including public health and community workers with experience in HIV prevention and harm reduction, HIV treatment providers, substance use treatment providers, substance use researchers, and, probably most importantly, drug users themselves. A multidisciplinary team, with input from primary care physicians, hepatologists, nurses, psychiatrists, social workers, drug counselors, and psychologists, may be the optimal approach. A flexible attitude is necessary so that unrealistic expectations do not lead to frustration and resentment. The measure of success of this effort is how much patients are helped to be healthier, not whether a predetermined goal is achieved.
Caring for drug users also requires providing treatment for substance use. Proven effective treatments for substance use exist. 54,55 Opiate agonist therapy (e.g., methadone maintenance therapy) has been shown to diminish and often eliminate opiate use and to reduce transmission of many infections, including HIV. 56-61 All patients with hepatitis C, regardless of whether they are known to have injected drugs, should be asked about past or current drug and alcohol use. Treatment for substance use should be discussed with those who use drugs or alcohol and provisions made to provide treatment for those who want and need it. Alcohol treatment is particularly important because of the strong effect of heavy alcohol intake on the progression of hepatitis C. Hepatitis C and substance use can be treated simultaneously, 40-42 but there are no data on whether it is better to treat one or the other first, or both together. Attention should also be paid to assessing and treating mental health conditions, which are associated with both hepatitis C and substance use and may be induced or exacerbated by hepatitis C treatment. Medical services and mental health care should be integrated with substance use treatment. 62
Attention to ensuring optimal adherence is important for all patients, not just those who use drugs. 29-31 Patient readiness should be assessed before embarking on therapy, and adherence should be assessed and monitored regularly during therapy. 34 Effective strategies for improving adherence range from basic clinical practices-such as establishing a consistent, trusting physician-patient relationship, providing clear information about expected outcomes and side effects of medication, and paying careful attention to perceived side effects-to specialized tools such as electronic reminder systems, directly observed therapy, and cash incentives (Table 3) . 63,64 Simplifying complex treatment regimens, treating depression, or helping a homeless patient find housing can improve adherence. Patients also may benefit from counseling to help them incorporate the regimen into their daily lives.
Adherence to hepatitis C treatment often can be complicated by side effects, including depression. Thus, the management of side effects is critical to maximize the effectiveness of treatment for hepatitis C. The psychologic side effects of interferon are of concern in all patients, not just those who use drugs or those with preexisting psychiatric diagnoses. Interferon may have severe psychologic side effects in patients without preexisting psychiatric disorders. 65,66 To minimize these effects, all patients should be screened for depression and other mental health conditions before undergoing hepatitis C treatment, treated for these conditions if necessary, and monitored (and treated if necessary) for them during hepatitis C treatment. Antidepressant medication may be helpful in a sizeable proportion of patients.
Caring for injection drug users should always include education and support for safe injection practices. 67,68 Education is particularly important for drug users receiving hepatitis C treatment to reduce the chances of reinfection. The possibility of reinfection should be discussed with patients before starting hepatitis C treatment. Those who inject drugs after successful treatment for HCV infection may be able to avoid reinfection by using a new sterile syringe for each injection and by not using injection equipment that has been used by other persons. Physicians should refer patients who inject drugs to syringe exchange programs or, if necessary, directly prescribe syringes. 69-71 There are now more than 200 syringe exchange programs in more than 150 cities in 36 states in the United States, and these numbers are increasing yearly. For drug users without access to such programs, physicians in at least 46 states are allowed by law to prescribe syringes so that their patients can avoid acquiring and transmitting blood-borne infections. 70 Several studies have shown that injection drug users are able to master safe injection practices. 72-74 When given access to sterile syringes, drug users readily make use of them, reducing their high-risk behavior and rates of disease transmission. 72-77 Unfortunately, HCV may be more readily transmitted than HIV through the sharing of injection equipment other than syringes, such as cookers (bottle caps, spoons, and other containers used to dissolve drugs) and cottons (filters used to draw up the drug solution into a syringe), 6,7 and probably through minor instances of blood contact, such as may occur when one person gives an injection to another. 78 During the HIV epidemic, injection drug users learned quickly about the risks of sharing syringes, and behavioral norms changed, which resulted in dramatic decreases in rates of syringe sharing. 65-67 The sharing of other injection equipment is, unfortunately, still relatively common, 79 as is the practice of giving and receiving injections. 80 For these reasons, it is important for physicians to educate patients not just to avoid sharing syringes, but to avoid sharing any injection equipment, to wash hands before and after giving injections, and to avoid any contact with blood from other people (Table  4) . 67,68
Prevention of Hepatitis C in Injection Drug Users
Preventing morbidity and mortality from hepatitis C in injection drug users requires (1) reducing exposure to HCV, (2) reducing infection among those exposed, and (3) reducing disease among those infected. 8 Injection drug use would be greatly reduced if all those who needed treatment for substance use treatment could get it (prevention of exposure). HCV spread can be prevented if drug users have access to sterile syringes and education in how they can avoid acquiring and transmitting the virus (prevention of infection). Finally, barriers to medical treatment must be overcome so that drug users can benefit from advances in HCV treatment (prevention of disease). 9 HCV treatment also may reduce transmission (prevention of infection) because HCV-infected drug users are the source for most HCV transmission in the United States (Table 5 ).
Fully implementing measures to prevent hepatitis C among drug users will require changing public policies and instituting or expanding public health programs, but physicians and other health care providers can have a positive effect without waiting for these changes. Access to sterile syringes should be expanded through expansion of syringe exchange programs and the repeal of laws restricting syringe access. 75,76 However, health care providers also can play a critical role by referring patients to syringe exchange programs, teaching them safe injection, and prescribing and dispensing syringes. Physicians and pharmacists should be educated to recognize that helping injection drug users gain access to sterile syringes and educating them in safe injection are potentially life-saving interventions, 81-84 and ones that cost little or nothing. All patients with hepatitis C should be warned that their blood may be infectious, even through trivial contact, and should be instructed in how to avoid transmitting the infection to others. Those who inject drugs should be given biohazard sharps containers or instructed to safely dispose of injection equipment in puncture-resistant containers. 85, 86 The capacity for substance use treatment should be expanded. 56,57 The current capacity for drug use treatment is sufficient for only 15% to 20% of the drug users in the United States. This lack of availability may be responsible for more blood-borne disease transmission in the United States than any other deficiency except the failure to adequately fund needle exchange programs and to allow drug users access to sterile syringes. The shortage may be relieved somewhat if physicians in medical practice prescribe opiate replacement therapy, either through office-based methadone programs or the use of the recently approved opiate agonist buprenorphine for the outpatient treatment of opiate addiction. With these changes in public policy on opiate agonists, however, also must come changes in attitudes of physicians who will need to gain training and experience with these modalities and prescribe them, if they are to help. An immediate and substantial expansion of the substance use treatment capacity, through a variety of approaches, must be the cornerstone of any approach to reducing the harmful health consequences of substance use.
Community-based hepatitis C prevention programs are needed, to provide outreach, HCV testing and counseling, and education in safe injection, and to link patients who are found to be positive to medical care. Members of groups at high risk for HCV infection, such as injection drug users and incarcerated persons, should be regularly screened for HCV infection. Efforts are particularly important to identify persons with new HCV infections because treatment may be more effective during the acute phase than later, and those with advanced hepatic fibrosis, in whom treatment may reduce the incidence of hepatocellular carcinoma and improve survival.
Finally, correctional facilities provide an enormous opportunity to safely and effectively treat a large number of persons with hepatitis C and provide prevention services to persons at risk for hepatitis C. 87 Approximately one quarter of the nearly 2 million individuals incarcerated in state and federal correctional facilities in the United States have hepatitis C. Efforts are needed to ensure that therapy and education on prevention of hepatitis C are provided to prisoners. The medical issues involved in treating prisoners for hepatitis C are no different from those involved in treating any patient with this disease, and in many respects the logistical issues (such as adherence and interference of therapy with work and daily activity) are less problematic. 87 The withholding of hepatitis C prevention and treatment from incarcerated persons, although widespread, is unethical. 88 Federal, state, and local correctional departments must be given the resources to provide optimal therapy and means of prevention of hepatitis C to prisoners.
Conclusion
A sound policy for the control of hepatitis C will require implementing prevention and treatment programs designed for injection drug users, the group most severely affected by this infection. 8,9 Controlling hepatitis C in the United States will require further research to develop and test effective strategies for prevention and treatment for persons who inject drugs. In the meantime, substantial progress can be made to control hepatitis C if existing knowledge and resources are brought to bear.
Future Research Needs
Research is needed to better understand the epidemiology and natural history of hepatitis C in injection drug users. The number of injection drug users in the United States who have hepatitis C is unknown, as is the number of those who become infected each year and the numbers who develop cirrhosis and die of hepatitis C annually. It has been estimated that 35,000 persons are newly infected with HCV each year in the United States, and that about 60% of infected persons are injection drug users. 44 These estimates, however, are derived from data from a surveillance system in 4 U.S. counties 89 and rely on estimates that 1 in 6 new infections in these counties manifest as acute hepatitis, and 42% of these cases are reported to the surveillance system. 90 It is rare, however, for HCV infection in drug users to be associated with a clinical illness that comes to medical attention and clinical cases of acute hepatitis among injection drug users often are not reported. 91 Thus, the current estimates may underestimate the true number of drug users becoming infected with HCV in the United States. Ongoing programs to assess the current rates as well as future changes in the incidence of HCV infection in injection drug users are needed to provide data on the size of this problem as well as the efficacy of control measures as they are introduced.
The natural history of hepatitis C among injection drug users needs to be better defined. There have been few longitudinal studies of hepatitis C in representative cohorts of injection drug users. 92 The course and outcome of hepatitis C may be different in injection drug users than in other populations because of differences in size of the inoculum, the frequency of repeated exposure, concurrent nutritional status, coinfections (with known and unknown infectious agents), associated comorbidities, and other factors that affect the natural history of the disease. Community-based studies are needed because studies of clinical populations often overestimate the frequency of clinical disease. 93 Ultimately, decisions on therapy need to be based on an accurate understanding of the risk for serious disease in patients who are not treated.
Research is needed on strategies for treating hepatitis C in substance users. Studies are needed to define the optimal approach to therapy in patients who use various substances (opiates, stimulants, marijuana, alcohol) and are at various stages in recovery or relapse. Studies are needed to determine whether substance use is best treated before, during, or after treatment of hepatitis C. Of great importance is research on how to assess and manage mental health conditions in drug users with hepatitis C, improve treatment readiness and rates of treatment initiation, optimize adherence, and manage the side effects, particularly the psychological side effects, of interferon. Studies are needed to determine the safety and effectiveness of various treatment strategies, the rates of adherence that can be achieved, the risk of serious side effects, and the risk of reinfection. The pharmacokinetic interactions between therapies for hepatitis C and opiate agonists as well as illicit drugs need to be elucidated. Strategies need to be developed for treating hepatitis C in correctional facilities while preserving confidentiality, maximizing continuity of care after release, and preventing reinfection in prison and after release. Perhaps most importantly, research is needed on the prevention of hepatitis C among injection drug users. Of particular importance is the development of methods of reaching new initiates to injection before they become infected with HCV, with effective strategies to help them stop injecting or avoid engaging in high-risk injection practices. Perhaps most importantly, research is needed on the prevention of hepatitis C among injection drug users. Of particular importance is the development of methods of reaching new initiates to injection before they become infected with HCV, with effective strategies to help them stop injecting or avoid engaging in high-risk injection practices. Sustained virological response rates to interferon-based treatment of hepatitis C in injection drug users entering opiate detoxification (N = 50). A total of 50 heroin injectors entering opiate detoxification in Munich, Germany, were simultaneously treated for chronic hepatitis C with either interferon alfa monotherapy (n = 34) or combination therapy with interferon alfa and ribavirin for 24 to 48 weeks depending on genotype. The sustained virological response rate was 36% overall, a rate comparable with that in other populations treated for hepatitis C, even though 80% of the patients relapsed to drug use during treatment. Sizeable proportions of patients had sustained virological responses, regardless of whether they relapsed to drug use or received methadone maintenance therapy. The strongest predictor of virological response was whether patients kept their weekly clinic appointments. Error bars show 95% confidence limits. Rel. + Rx, patients who relapsed to drug use and then received methadone maintenance therapy. Data from Backmund et al. 40 
